The role of IL6 and ESR1 gene polymorphisms as immunological factors of pregnancy maintenance by Kucherenko, A.M. et al.
BIOMEDICINE
UDC 575.11+577.21
The role of IL6 and ESR1 gene polymorphisms as
immunological factors of pregnancy maintenance
A. M. Kucherenko1, 2, I. I. Vorobiova3, N. V. Rudakova3, L. A. Livshits1, 3
1Institute of Molecular Biology and Genetics, NAS of Ukraine
150, Akademika Zabolotnoho Str., Kyiv 03680, Ukraine
2Educational and Scientific Center «Institute of Biology», Taras Shevchenko National University of Kyiv
64/13, Volodymyrska Str., Kyiv, Ukraine, 01601
3State Enterprise «Institute of Pediatrics, Obstetrics and Gynecology», NAMS of Ukraine
8, Manuil’skoho Str., Kyiv, Ukraine, 04050
kucherenko.a.m@gmail.com
Aim. The study is aimed at the evaluation of the association of IL6 gene -174G/C polymorphism and ESR1 gene
-397C/T polymorphism with recurrent pregnancy loss (RPL) pathogenesis and at the investigation of the ESR1
gene -397C/T variant regulatory significance for the IL6 gene function.Methods. A case group of 75 women with
RPL history and a control group of 106 unrelated healthy women, who have given birth to at least one child
conceived in natural way, were genotyped by a PCR based restriction fragment length polymorphism assay. Re-
sults. There was no significant difference in IL6 -174G/C or ESR1 -397C/T genotype and allele frequencies bet-
ween the case and control groups. Combined genotype distribution analysis showed significantly (p < 0.05) low-
er frequency of individuals homozygous for both IL6 -174G and ESR1 -397C alleles in case group (0.026) com-
paring to control (0.094).Conclusions. Genotype comprising IL6 -174G and ESR1 -397C alleles in homozygous
state may be considered as a genetic marker of successful pregnancy maintenance during gestation early stages.
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Introduction. Recurrent pregnancy loss (RPL) is the
occurrence of three or more consecutive miscarriages
in the first trimester of gestation. RPL affects 2–5 % of
women in reproductive age [1]. The most common types
of etiology of pregnancy loss are endocrine, immunolo-
gical, anatomical and idiopathic [2]. RPL is a distressing
condition for affected couples and deciphering the mo-
lecular effects of the various types of etiology associa-
ted with recurrent miscarriage is of great importance.
Immunological factors are estimated to be the lea-
ding cause of miscarriage in up to 40 % cases [2]. The
state of maternal immune system is crucial for pregnan-
cy establishment and maintenance. During gestation
pro- and anti-inflammatory environment prevalence pe-
riods emerge in precise sequence critical for pregnancy
tolerance [3]. This regularity is stipulated by a vast
amount of cytokines present in gestational tissues [2].
Interleukin 6 (IL6) is a pleiotropic cytokine and a key
immune response regulator with both pro- and anti-in-
flammatory properties. It plays a role in acute and chro-
nic inflammatory processes as well as in autoimmunity
[4]. Highly regulated fluctuations of IL6 level in both
blood and gestational tissues are crucial for pregnancy
maintenance, though the specific essential role of this
interleukin has not been clearly identified [3].
IL6 is encoded by IL6 gene which is located in
7p21 locus and consists of five exons and four introns
[5]. The regulation of IL6 level is mainly provided by
regulatory elements in the promoter region of IL6 gene
[6]. A common G/C polymorphism of the IL6 promoter
on -174 position has been shown to influence the in
vivo protein expression [7].
It has been investigated in a wide variety of patho-
logical conditions, including coronary heart disease
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[8], bone mineral density [9] and spontaneous abortion
[10].
However, the results of association studies are cont-
radictory. The experiments in vitro showed that some
of the IL6 promoter regulatory elements including
-174 G/C region are sensitive to the estrogen-estrogen
receptor complex regulation [11]. Consequently, the
functional state of this complex is crucial for the IL6
expression. An estrogen receptor  is a common part of
the estrogen-estrogen receptor complex in gestational
tissues [12]. This protein is encoded by ESR1 gene lo-
cated in 6q25.1 region and consisting of 8 exons [13]. In
a lot of studies more than 4 thousand SNPs in ESR1gene
have been identified [14] including 1 intron -397C/T va-
riant which is proven to affect the protein expression
[15]. This polymorphic variant has shown the associa-
tion with a number of reproductive pathologies, inclu-
ding endometriosis [16], and impaired ovarian reserve
[17].
Taking into account a functional significance of
mentioned polymorphic variants, which change the res-
pective genes expression, we focused our study on the
evaluation of association of the latter with RPL patho-
genesis. We also intended to investigate probable regu-
latory significance of ESR1 gene -397 C/T polymor-
phism for the IL6 gene function.
Materials and methods. A case group comprised
75 unrelated women with history of RPL (at least two
cases of miscarriage in the first trimester) undergoing
observation in the SI «Institute of Pediatrics, Obstetrics
and Gynecology of NAMS of Ukraine». A control
group consisted of 106 unrelated healthy women who
have given birth to at least one child conceived in natu-
ral way. All participants have given their informed con-
sent prior to clinical examination and genotyping. The
study has been approved by The Bioethical Committee
of Institute of Molecular Biology and Genetics of NAS
of Ukraine.
The material of the study was the genomic DNA
extracted from peripheral blood samples of patients and
control group individuals using standard phenol–
chloroform technique. Genotyping for IL6 gene -174
G/C and ESR1 gene -397 C/T polymorphic variants
was performed by the PCR based restriction fragment
length polymorphism assay as described previously [7,
18]. A statistical analysis has been performed using
GenePop and OpenEpi statistical packages [19, 20]. Fi-
sher’s exact test (Mid-P method) was used to estimate
the difference in genotype and allelic distribution. In
order to assess the association of certain genotype with
RPL, OR index was calculated. P-value less than 0.05
was regarded as significant.
Results and discussion. The results of genotyping
for both studied polymorphic variants are presented in
Table.
Both IL6 gene -174 G/C and ESR1 gene -397 C/T
genotype frequencies showed no significant deviation
from those expected according to Hardy-Weinberg equ-
ilibrium. There was no significant difference in IL6
-174 G/C genotype and allele frequencies between the
case and control groups. The same was observed when
comparing the ESR1 -397 C/T genotype and allele fre-
quencies in both studied groups.
However, the analysis of combined IL6 -174 G/C
and ESR1 -397 C/T genotype frequencies revealed a
significantly (p < 0.05) lower frequency of individuals
homozygous[for both IL6 -174 G and ESR1 -397 C al-
leles in [the] case group (0.026) comparing to control
group (0.094). As IL6 -174 G allele is associated with
normal and high levels of IL6, the results observed in
our study are consistent with the experimental data
which show that elevated levels of IL6 during early
pregnancy are necessary for its maintenance. The grea-
test challenge to the maternal immune response occurs
at the outset of pregnancy, when the embryo implants
into the maternal endometrium and placenta develop-
ment commences.
Although the precise role of IL6 signaling during
implantation process is yet to be determined, the in vit-
ro, experiments with mouse embryos suggest that IL6
can promote the pre-implantation embryo development
and increase blastocyst cell number [21]. A vast amount
of studies corroborate the role of IL6 in trophoblast pro-
liferation and placental morphogenesis [22]. The stu-
dies on the fetal-placental tissue of abortion-prone mice
lines showed that it secrets a decreased level of IL6
comparing to the tissues from normal pregnant mice
[23]. A reduced IL6 production by endometrial and pla-
cental tissue has also been observed in women prone to
recurrent spontaneous abortion [24].
The result observed in our study is consistent with the
experimental data demonstrating that elevated levels of
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IL6 during early pregnancy are necessary for its mainte-
nance. Normally, the estrogen-estrogen receptor complex
is known to inhibit the IL6 production in gestational tis-
sues, but the study on the genetic constructs containing
different alleles of IL6 -174G/C polymorphism has
shown otherwise. The presence of estrogen-estrogen re-
ceptor complex makes the IL6 promoters with -174G
allele sensitive to other expression stimulating factors
thus resulting in the elevated IL6 level [11].
Thus, bearing in mind that ESR1 -397 C results in
normal ER production, the combination of these alle-
les in homozygous state in one genotype may be sugges-
ted to lead to well-regulated relatively high level of IL6
in gestational tissues providing conditions for succes-
sful pregnancy.
Conclusions. On the basis of established statisti-
cally significant difference in combined genotype dis-
tribution, the genotype comprising IL6 -174G and ESR1
-397C alleles in homozygous state might be conside-
red as a genetic marker of successful pregnancy mainte-
nance during early stages of gestation.
À. Ì. Êó÷åðåíêî, ². ². Âîðîáéîâà, Í. Â. Ðóäàêîâà, Ë. À. Ë³âøèöü
Ïîë³ìîðô³çìè ãåí³â IL6 ³ ESR1 ÿê ³ìóíîëîã³÷í³ ÷èííèêè
ï³äòðèìàííÿ âàã³òíîñò³
Ðåçþìå
Ìåòà. Âñòàíîâèòè àñîö³àö³þ ïîë³ìîðôíèõ âàð³àíò³â -174 G/C
ãåíà IL6 ³ -397 C/T ãåíà ESR1 ç ïàòîãåíåçîì çâè÷íîãî íåâèíîøó-
âàííÿ âàã³òíîñò³ (ÇÍÂ) òà äîñë³äèòè éìîâ³ðíèé ðåãóëÿòîðíèé
âïëèâ ïîë³ìîðô³çìó -397 C/T ãåíà ESR1 íà ôóíêö³îíóâàííÿ ãåíà
IL6.Ìåòîäè. Äîñë³äæóâàíó (75 æ³íîê ç ³ñòîð³ºþ ÇÍÂ) òà êîíò-
ðîëüíó (106 íåñïîð³äíåíèõ çäîðîâèõ æ³íîê, ÿê³ íàðîäèëè õî÷à á
îäíó äèòèíó, çà÷àòó ïðèðîäíèì øëÿõîì) ãðóïè ïðîãåíîòèïîâàíî
ìåòîäîì ÏËÐ ç íàñòóïíèì àíàë³çîì ïîë³ìîðô³çìó äîâæèíè
ðåñòðèêö³éíèõ ôðàãìåíò³â. Ðåçóëüòàòè. Äîñòîâ³ðíî¿ ð³çíèö³ ÷à-
ñòîò ãåíîòèï³â òà àëåë³â çà ïîë³ìîðô³çìàìè IL6 -174 G/C ³ ESR1
-397 C/T íå âñòàíîâëåíî. Àíàë³ç êîìá³íîâàíèõ ãåíîòèï³â âèÿâèâ
ñòàòèñòè÷íî äîñòîâ³ðíî (p < 0,05) íèæ÷ó ÷àñòîòó îñ³á, ãîìîçè-
ãîòíèõ çà àëåëÿìè IL6 -174Gòà ESR1 -397C ó äîñë³äæóâàí³é ãðóï³
(0,026) ïîð³âíÿíî ç êîíòðîëüíîþ (0,094). Âèñíîâêè. Ãåíîòèï, äî
ñêëàäó ÿêîãî âõîäÿòü àëåë³ IL6 -174G òà ESR1 -397C ó ãîìîçèãîò-
íîìó ñòàí³, ìîæíà ðîçãëÿäàòè ÿê ãåíåòè÷íèé ìàðêåð óñï³øíîãî
ï³äòðèìàííÿ âàã³òíîñò³ íà ðàíí³õ ñòðîêàõ ãåñòàö³¿.
Êëþ÷îâ³ ñëîâà: çâè÷íå íåâèíîøóâàííÿ âàã³òíîñò³, ³íòåðëåé-
ê³í, ïîë³ìîðô³çì.
À. Ì. Êó÷åðåíêî, È. È. Âîðîáüåâà, Í. Â. Ðóäàêîâà, Ë. À. Ëèâøèö
Ïîëèìîðôèçìû ãåíîâ IL6 è ESR1 êàê èììóíîëîãè÷åñêèå
ôàêòîðû ïîääåðæàíèÿ áåðåìåííîñòè
Ðåçþìå
Öåëü. Óñòàíîâèòü àññîöèàöèþ ïîëèìîðôíûõ âàðèàíòîâ -174
G/C ãåíà IL6 è -397 C/T ãåíà ESR1 ñ ïàòîãåíåçîì ïðèâû÷íîãî íå-
âûíàøèâàíèÿ áåðåìåííîñòè (ÏÍÁ), à òàêæå èññëåäîâàòü âåðî-
ÿòíûé ðåãóëÿòîðíûé ýôôåêò ïîëèìîðôèçìà -397 C/T ãåíà ESR1
íà ôóíêöèîíèðîâàíèå ãåíà IL6. Ìåòîäû. Èññëåäóåìàÿ (75 æåí-
ùèí ñ èñòîðèåé ÏÍÁ) è êîíòðîëüíàÿ (106 íåðîäñòâåííûõ æåí-
ùèí, ðîäèâøèõ õîòÿ áû îäíîãî ðåáåíêà, çà÷àòîãî åñòåñòâåííûì
ïóòåì) ãðóïïû ïðîãåíîòèïèðîâàíû ìåòîäîì ÏÖÐ ñ ïîñëåäóþ-
ùèì àíàëèçîì ïîëèìîðôèçìà äëèíû ðåñòðèêöèîííûõ ôðàãìåí-
òîâ. Ðåçóëüòàòû. Äîñòîâåðíîé ðàçíèöû â ÷àñòîòå ãåíîòèïîâ è
àëëåëåé ïî ïîëèìîðôèçìàì IL6 -174 G/C è ESR1 -397 C/T íå óñòà-
íîâëåíî. Àíàëèç êîìáèíèðîâàííûõ ãåíîòèïîâ âûÿâèë ñòàòèñòè-
÷åñêè äîñòîâåðíî (p < 0,05) ìåíüøóþ ÷àñòîòó èíäèâèäîâ, ãî-
ìîçèãîòíûõ ïî àëëåëÿì IL6 -174 G è ESR1 -397 C â èññëåäóåìîé
ãðóïïå (0,026) ïî ñðàâíåíèþ ñ êîíòðîëüíîé (0,094). Âûâîäû. Ãå-
íîòèï, â ñîñòàâ êîòîðîãî âõîäÿò àëëåëè IL6 -174G è ESR1 -397C
â ãîìîçèãîòíîì ñîñòîÿíèè, ìîæíî ðàññìàòðèâàòü â êà÷åñòâå
ãåíåòè÷åñêîãî ìàðêåðà óñïåøíîãî ïîääåðæàíèÿ áåðåìåííîñòè
íà ðàííèõ ñðîêàõ ãåñòàöèè.
Êëþ÷åâûå ñëîâà: ïðèâû÷íîå íåâûíàøèâàíèå áåðåìåííîñòè,
èíòåðëåéêèí, ïîëèìîðôèçì.
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